We tried to assess the value of posterior epidural fat for distinguishing isthmic spondylolisthesis from degenerative lumbar spondylolisthesis on midline sagittal MR images.
Lower back pain is a common clinical problem and spondylolisthesis is a well-recognized cause of this problem (1 3). Spondylolisthesis was first termed by a German obstetrician named Killian in 1854 to describe the forward displacement of one vertebral body on another (4) . Although at first this implied the presence of spondylolysis, the classification is now widely used, as pointed out by Wiltse et al (5) , for dysplastic, isthmic, degenerative, traumatic and pathological spinal disease (4) .
Of these conditions, isthmic spondylolisthesis is the most common type of disease, and this is followed by degenerative spondylolisthesis. Isthmic spondylolisthesis is usually the result of a lysis in the pars interarticularis that is caused by stress or insufficiency fracture, which is probably due to repetitive extension/hyperextension (5) and shear (6) . The defect is estimated to occur in approximately 6% of the adult population at some time (4, 7, 8) in their lives,and a greater prevalence of this disease is seen in Eskimos, males, and Caucasians (4) . The lumbar spine, especially the L5 vertebra, is most commonly affected. Degenerative spondylolisthesis typically occurs in an older population and the typical site is L4 5 (4). The etiology is related to degenerative changes at the facet joints, and it may be due to an abnormal configuration in the facet joints and laminae that predisposes the structures to degenerative changes and subsequent slip, as was demonstrated in a study by Kim and Lee (9) . The degree of slippage is usually not as great as that noted in isthmic spondylolisthesis, but even a small degree of slippage can cause significant spinal canal stenosis (4) . Therefore, it is important to differentiate between these two types of spondylolisthesis because not only are they different in etiology, but they also have a different prognosis and require different treatment.
We tried to determine the value of the posterior epidural fat for distinguishing between the isthmic and degenerative types of spondylolisthesis (Fig. 1 ).
Materials and Methods
We reviewed the radiology reports of 3485 adults who had undergone MR imaging of the lumbar spine during a one-year period. One hundred thirty-two patients were diagnosed as having spondylolisthesis, and among them 121 underwent conventional radiography and/or CT scanning for the identification of the cause of spondylolisthesis; these 121 patients formed the subjects of this study. Isthmic spondylolisthesis was diagnosed for the patients having bilateral defects in the pars interarticularis, and degenerative spondylolisthesis was diagnosed in those patients that did not have any defect in the pars interarticularis, but they did have degenerative changes at the facet joints. Therefore, 78 patients (61 men, 17 women; age: 18 82 years) were diagnosed as having isthmic spondylolisthesis, and 43 patients (18 men, 25 women; age: 36 87 years) were diagnosed as having degenerative spondylolisthesis. For the comparison, the MR images of 50 age-matched subjects (18 87 years) who had no evidence of spondylolisthesis on conventional radiography and/or CT were also evaluated as a control group.
The MR imagings were performed with surface coils using one of two 1.5T systems (Signa Horizon echo speed type, GE Medical systems, Milwaukee, U.S.A.; Magnetom Vision Plus, Siemens, Erlangen, Germany) or a 1.0T system (Impact Expert, Siemens, Erlangen, Germany). Midline sagittal T1-weighted images were used exclusively for the analysis. The imaging parameters were as follows: repetition time/echo time/excitations, 560/12 or 600/15; section thickness, 4 mm; intersection gap, 1 mm; field-of-view, 30 cm; and the imaging matrix was a 264 512 matrix or a 270 512 matrix.
The anteroposterior diameter of the posterior epidural fat (ADEF) was measured on the midsagittal MR image at each intervertebral disc level as the maximum anteroposterior diameter between the anterior and posterior borders of the posterior epidural fat (Fig. 1) . The measurements were obtained three times by one of two radiologists on the PACS (picture archiving and communication system, Marotech, Seoul, Korea) using the vendor-supplied software, and the average values were calculated for each disc level. Statistical analysis was done using the chi-square method to compare the ADEF values among the control group, the isthmic spondylolisthesis group and the degenerative spondylolisthesis group. To normalize the ADEFs according to the 550 Index words : Spine Spine, diseases Magnetic resonance (MR) patient s size, the posterior epidural fat ratio (PEFR) was obtained and it was defined as the ratio of the ADEF at the level of the spondylolisthesis to that at the L1 2 level. The ratios were also compared between each group using the chi-square method. P values less than 0.05 were considered statistically significant.
Results
In the control group, the ADEFs were 3.84 1.69 mm (mean standard deviation) at L1 2, 3.10 1.60 mm at L2-3, 3.28 1.78 mm at L3 4, 2.26 1.27 mm at L4 5, and 2.84 1.10 mm at L5-S1. In patients with isthmic spondylolisthesis (Fig. 2) spondylolisthesis were 5.38 1.71 mm at L4 5 (n=30) and 3.96 2.29 mm at L5 S1 (n=48), both of which were significantly greater than those values for the control group that were measured at the corresponding disc levels (p<0.05). In contrast, for the patients with degenerative spondylolisthesis (Fig. 3) , the ADEFs at the level of the spondylolisthesis were 0.94 0.18 mm at L4 5 (n=33) and 1.19 0.19 mm at L5-S1 (n=10), both of which were significantly less than those values for control group that were measured at the corresponding disk levels (p<0.05).
The PEFRs obtained at L4 5 were 1.37 0.12 for the control group, 2.61 1.31 for the patients with isthmic spondylolisthesis, and 0.60 0.05 for the patients with degenerative spondylolisthesis. The PEFRs obtained at L5-S1 were 2.25 1.32 for the control group. 3.47 1.69 for the patients with isthmic spondylolisthesis, and 1.65 0.18 for the patients with degenerative spondylolisthesis. At both levels, the PEFRs were greatest in isthmic spondylolisthesis group and they were smallest in degenerative spondylolisthesis group, and these differences were statistically significant.
The 95% confidence interval (CI) of the PEFR for the isthmic spondylolisthesis group at L4-5 was from 0.01 to 5.23 and that for the degenerative spondylolisthesis group at the corresponding level was from 0.5 to 0.7. The 95% CI of PEFR for the isthmic spondylolisthesis group at L5 S1 was from 0.09 to 6.85 and that for the degenerative spondylolisthesis group at the corresponding level was from 1.29 to 2.01.
To differentiate degenerative spondylolisthesis from isthmic spondylolisthesis, the upper value of the 95% CI of PEFR for the degenerative spondylolisthesis group was defined as our cutoff value (0.7 at L4 5 and 2.01 at L5 S1), because the 95% CI of PEFR for the isthmic spondylolisthesis group was wide and contained negative value.
With 0.7 as the cutoff value of PEFR for the degenerative spondylolisthesis group at L4 5, the sensitivity was 97.5% and the specificity was 92.8%. With 2.01 as the cutoff value of PEFR for the degenerative spondylolisthesis group at L5-S1, the sensitivity was 97.5% and specificity was 80.5%.
Discussion
Spondylolisthesis is a common cause of lower back pain, and this is a common clinical finding in patients (1 3). When evaluating lower back pain, plain radiography is still commonly used in spite of a report suggested that plain radiographs of the lumbar spine should not be routinely used for this purpose, except for in the younger population where spondylolysis is highly suspected (10) .
Isthmic spondylolisthesis is caused by lysis of the pars interarticularis and it results in the separation of a vertebral body from its posterior elements (1 3); the posterior elements either remain normally aligned or they be- come posteriorly subluxed. The latter leads to an increase in the sagittal diameter of the spinal canal, and this allows more space for the posterior epidural fat and makes it less likely that the patient will present with radicular symptoms due to canal stenosis. Patients are usually referred for imaging due to symptoms that are caused by other associated abnormalities such as herniated disk, foraminal stenosis, facet hypertrophy or nerve root encroachment that is due to the build-up of fibrocartilage at a pars pseudarthrosis at a later age. Surgical fusion of the involved lumbar segments is usually reserved for the small proportion of patients who have persistent pain despite of conservative therapy, or for those patients with greater than grade II spondylolisthesis (11) . Degenerative spondylolisthesis is characterized by osteoarthritis and degenerative changes in the facet joints, disc degeneration and ligamentous laxity, which can result in anterior slippage of the vertebral body along with an intact posterior arch (1 3, 14, 15) . This leads to a decrease in the space for the posterior epidural fat. Symptoms of spinal stenosis and nerve root compression frequently accompany this type of spondylolisthesis (11) , and this condition requires such surgical treatment as decompression.
Conventional radiography can directly depict the defect for the pars interarticularis and thereby allow differentiation between the isthmic and degenerative types of spondylolisthesis. The anteroposterior and lateral lumbar radiographs can be supplemented by the oblique views in questionable cases (4), but even the oblique views can miss about 13% of spondylolyses, as was noted in a study by Amato et al. (12) . Sometimes the differential diagnosis can be made by the spinous process sign , where the step between the upper and lower spinous process occurs above the level of the slip for a lytic spondylolisthesis, and at the level of the slip for a degenerative spondylolisthesis; however, this differentation is often difficult to achieve (13) . This sign is also observed on MR images, but there are limitations for the generalized usage of this sign due to the following reasons: 1. a large degree of spondylolisthesis is needed to consistently produce the sign and 2. the lower lumbar spinous processes normally have a great variation in their size and alignment (11) . MR imaging is now readily available almost anywhere and it has become the imaging method of choice for examining patients with lower back problems. Spondylolysis can be difficult to appreciate on MR imaging because loss of the marrow signal at the pars on the T1-weighted spin-echo sequence may not necessarily be due to lysis, but this loss may possibly be due to sclerosis of the pars or to a partial voluming effect from the adjacent structures. Jinkins et al. (16) noted the sagittal diameter of the spinal canal increased in patients with spondylolysis. The validity of this observation was proven in a study by Ulmer et al. (11) , in which the wide canal sign was deemed as highly reliable and effective to differentate between isthmic and degenerative spondylolisthesis. They suggested that when the diameter of the spinal canal at the level of L4 or L5 level exceeds that at L1 by 25% or more, isthmic spondylolisthesis is virtually assured (11) .
In our study, we confirmed the value of the posterior epidural fat, which is easily seen on the midline sagittal MR images as a high signal intensity structure posterior to the dural sac and it is limited laterally by the ligamenta flava. The ADEF was noted to be significantly increased in those patients with the isthmic type of spondylolisthesis, whereas it was significantly decreased in those patients with the degenerative type of spondylolisthesis, at each level of spondylolisthesis (p<0.05). This difference in ADEF is due to the structural anatomical differences between the isthmic type and the degenerative type of spondylolisthesis, as was mentioned above. The ratio between the ADEF (PEFR) at L4 5 and L1 2 was significantly increased for isthmic spondylolisthesis, and the PEFR at L5 S1 and L1 2 was also significantly increased for the isthmic type of spondylolisthesis. Similar to the wide canal sign observed by Ulmer et al. (11) , the posterior epidural fat could be used as a supplement for the differential diagnosis of spondylolisthesis. The posterior epidural fat is readily seen and can be measured on sagittal T1-weighted MR images even by those physicians who are not experienced with spinal MR imaging, and this could be useful for those cases having sclerosis at the pars that mimick spondylolysis, when the spondylolysis is not directly visualized on plain radiographs and/or on MRI, or when technical factors, such as artifacts, limit the use of axial imaging (11) .
